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1. Introduction
Scatterometer wind vectors are conventionally validated using collocated in situ observations
(e.g., buoy) and numerical weather predictions (NWP) winds, such as from the European Centre
for Medium range Weather Forecasting (ECMWF). Given a set of collocated measurements
from the above-mentioned three different sources, choosing one data source as calibration
reference, and assuming that linear calibration suffices to calibrate the other two relative to the
reference, one can further estimate the random measurement errors as well as the relative
calibration coefficients for each wind data source independently. This methodology, the so-called
triple collocation (TC) analysis, was first proposed by [Stoffelen, 1998] and further developed by
[Vogelzang et al., 2011]. The assessment and validation of the quality of satellite scatterometer
vector winds is challenging under increased sub-cell wind variability conditions, since reference
wind sources such as buoy winds or model output represent very different spatial scales from
those resolved by scatterometers. This study consists of two relevant parts:
 It shows that the sub-cell wind variability can be directly (i.e., automatically) characterized 
using several ASCAT-derived parameters; 
 A triple collocation analysis is used to estimate the random errors for buoy, ASCAT and 
ECMWF winds under ‘variable’ and/or ‘stable’ conditions, as classified by the ASCAT-derived 
parameters.  
An effective way of estimating r2 is to repeat the TC analysis for different r2 values until an optimal 
intercalibration of the different wind sources is achieved. In particular, the r2 value which 
determines a bias close to zero for both the calibrated buoy and ASCAT winds (w.r.t. ECMWF 
winds) is considered as the best estimated representativeness error (i.e.,                  0). 
5. Conclusions
 MLE, SE, and Kp are shown to be good indicators of wind variability at wind speeds above 4 
m/s. SE is the most sensitive parameter to increased local wind variability, even at low wind 
conditions (w < 4 m/s). 
 The estimated error variances of winds classified as variable are much higher than those of 
stable winds. 
 Although the ASCAT wind quality is strongly correlated with sub-cell wind variability, ASCAT 
winds are proven to be of good quality at increased wind variability conditions, in contrast with 
ECMWF winds. 
 The sub-cell variability and the ASCAT and/or ECMWF wind quality can be estimated in near 
real time, since MLE, SE, and Kp parameters are all derived from the ASCAT data itself. 
Therefore, the methodologies and results presented in this study can be very relevant for a 
wide variety of operational applications.  
• Nowcasters may use the high wind variability indicator on the scatterometer-derived wind field 
maps to adjust their level of confidence in NWP output, because global NWP models are known 
to miss-represent the flow dynamics over highly variable areas such as mesoscale convective 
systems, frontal areas, etc.  
• Also, this indicator can be used to optimize NWP data assimilation of scatterometer winds and 
make several data assimilation parameters situation-dependent, e.g., the relative weight (error 
variance ratio of scatterometer and model), or to verify the model error correlation length and 
the shape of the spatial structure functions in variable conditions.
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2. Wind variability
 The variance associated with buoy wind time series is translated into spatial wind variability 
using Taylor’s hypothesis, which allows for a temporal dimension to be converted into a 
spatial dimension, and vice versa. The time window (centered on the buoy measurement 
collocated with ASCAT acquisition) used for calculating the mean buoy winds and the sub-cell 
spatial variability is defined by                     . 
 The sub-cell wind variability is depicted by the standard deviation (SD) of buoy wind 
components within the time window twindow.  
 At low winds (w<4 m/s), only SE is effective in identifying increased wind variability; 
 At winds above 4 m/s, all three parameters are sensitive to wind vector variability. In general, the wind 
vector variability increases as the MLE (Kp) increases and the SE decreases.  
 SE is the most sensitive parameter to wind variability, followed by Kp and MLE.  
3. Triple collocation analysis
Given three measurement systems Wi, i  = 1, 2, 3, which represent buoy, scatterometer and 
ECMWF wind respectively, the measurements and measurement errors are approximated by 
the following linear expression, 
If the wind system ref (ref=1, 2, or 3) is chosen as calibration reference, then the other two
calibration factors are given by respectively,
After calibration, the error variances estimated on the scale of w (ECMWF) for each wind system 
are given by 
The quantity 2 has several different expressions, e.g., 2 = M12 - r2 = M23 = M13 and denotes the 
common true variance in the three measurement systems.  
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Fig. 1 Wind vector variability as a function of the percentage of data sorted by MLE 
(solid line) and Kp (dotted line) in descending order and SE (dashed line) in ascending 
order, for the following ASCAT-retrieved wind speed intervals: (a) w < 4 m/s; (b) 4 ≤ w < 
7 m/s; (c) 7 ≤ w < 10 m/s; (d) w ≥ 10 m/s. In the x-axis, the leftmost side corresponds to 
the largest MLE/Kp and lowest SE threshold values, and the rightmost side corresponds 
to the lower MLE/Kp and higher SE threshold values. The mean SD value of the more 
stable winds (all above the 5% percentile) is shown by the straight dash-dotted line in 
each panel, regardless of the variability-sensitive parameters.
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Fig. 2 Mean SD values of buoy wind vector time series of (a) wind speed; (b) direction; (c) u component and (d) v component as a function of the 
percentage of flagged data for the optimal combination of MLE/SE/Kp threshold values (see below)
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4. Results
Table: The error standard deviations on ECMWF scale of the triple collocation; the last column 
shows the number of collocations in each triple collocation after 4-sigma quality control. The 
significance of each estimated SD error is presented in parenthesis. 
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Fig. 3 Wind speed bias  (a) and estimated 
ECMWF error (vector) variance (b) as a 
function of r2 values after TC analysis using 
10-min buoy/ASCAT/ECMWF (solid) and 
mean buoy/ASCAT/ECMWF (dashed) 
collocated datasets. The r2 values indicated 
by the square markers correspond to the 
optimal r2 estimated by the proposed 
algorithm.(a) (b)
SD errors
Categories
Buoy (m/s) ASCAT (m/s) ECMWF (m/s) Number
u v u v u v
95% stable winds 1.32 (0.01) 1.47 (0.01) 0.96 (0.01) 1.19 (0.01) 1.13 (0.01) 1.03 (0.01) 81,669
2-5% variable winds 1.9 (0.1) 2.0 (0.1) 1.5 (0.1) 1.9 (0.1) 2.0 (0.2) 1.9 (0.2) 2419
2% variable winds 2.4 (0.1) 2.2 (0.1) 1.7 (0.2) 2.4 (0.3) 2.4(0.3) 2.1 (0.3) 1633
Fig. 4 (a) ECMWF SD 
errors derived from 
ASCAT wind field by a 
simple projection; (b) 
EDA ECMWF errors.(a) (b)
